Human solid tumors contain hypoxic regions that have considerably lower oxygen tension than the normal tissues. Hypoxia offers resistance to radiotherapy and anticancer chemotherapy, as well as predispose to increased tumor metastases. Furthermore, hypoxia induces hypoxia-inducible factor-1 (HIF-1), which in turn increases tumor angiogenesis. Thus, eradication of HIF-1-active/hypoxic tumor cells is very important for cancer therapy. We have previously reported that procaspase-3 fused with a von Hippel-Lindau (VHL)-mediated protein destruction motif of alpha subunit of HIF-1 (HIF-1a) containing Pro564, named TAT-ODDprocaspase-3 (TOP3), specifically induced cell death to hypoxic cells in vivo as well as in vitro. We now report that TOP3 also eradicates the radiation-induced HIF-1-active tumor cells. HIF-1 activity in the xenografts of human tumor cells, which express luciferase under the transcriptional control of HIF-1, were monitored and quantified daily with an in vivo bioluminescence photon-counting device. HIF-1 activity in tumors was more rapidly increased by ionizing radiation (IR) compared to untreated tumors. TOP3 efficiently decreased the HIF-1-activity in irradiated tumors as well as unirradiated ones, indicating TOP3 eradicated tumor cells with HIF-1-activity induced by IR as well as hypoxia. Eradication of HIF-1-active/hypoxic cells in the xenografts during irradiation exhibited significant suppression in angiogenesis and strong enhancement in a long-term growth suppression of tumor xenografts. These results further strengthen the argument that HIF-1-active/ hypoxic cells play crucial roles in angiogenesis and radioresistance.
Introduction
Reduced oxygen tension far below physiological levels is a characteristic of solid tumors (Vaupel et al., 1989; Harris, 2002; Brown and Wilson, 2004) . Polarographic needle electrode analysis and immunohistochemical analysis with antibodies against hypoxia markers have demonstrated that solid tumors contain severely hypoxic regions, in which pO 2 values are less than 10 mmHg (Ho¨ckel et al., 1993; Raleigh et al., 1998) . Because oxygen has the highest affinity for electrons among any molecule in the cell, it reacts rapidly with unpaired electrons of free radicals in irradiated DNA, thereby aggravating radiation damage (Brown, 1999; Vaupel, 2001) . Therefore, cytocidal effects of ionizing radiation (IR) are severely compromised under low oxygen tension, making hypoxia a critical limitation for the success of radiotherapy.
Hypoxia-inducible factor-1 (HIF-1) is expressed in hypoxic tumor cells. In addition, HIF-1 is also induced transiently in tumors following radiotherapy in response to the reoxygenation stress, and this induction peaked at around 48 h after irradiation (Moeller et al., 2004) . HIF-1 transactivates various hypoxia-responsive genes, which confer malignant properties to tumors such as apoptosis resistance, enhanced tumor growth, invasion and metastasis (Semenza, 2003) . In addition, HIF-1 activates proangiogenic cytokines such as vascular endothelial growth factor (VEGF) and platelet-derived growth factor, which confer radiation resistance to endothelial cells as well as increase the proliferation and regrowth of tumor blood vessels (Gorski et al., 1999; Geng et al., 2001; Abdollahi et al., 2003; Moeller et al., 2004) . Neovascularization is a particularly important contribution of HIF-1 to the survival and regrowth of tumors after irradiation (Abdollahi et al., 2003) . Thus, hypoxia impacts tumor radioresponsiveness not only in altering the physicochemical properties of radiationinduced DNA damage, but also in activation of proangiogenic genes, which are crucial for the survival and proliferation of tumors under these adverse conditions.
HIF-1 is a heterodimer composed of a and b subunits, and HIF-1a is regulated in an oxygen-dependent manner at the post-translational level (Semenza and Wang, 1992; Huang et al., 1998; Kallio et al., 1999; Semenza, 2003) . In normoxia, HIF-1a is hydroxylated at its proline residues of the oxygen-dependent degradation (ODD) domain by prolyl hydroxylases (Bruick and McKnight, 2001; Epstein et al., 2001) . The modification accelerates the interaction of HIF-1a with the von Hippel-Lindau (VHL) tumor suppressor protein, resulting in the rapid ubiquitination and subsequent degradation of HIF-1a by the 26S proteasome (Cockman et al., 2000; Kamura et al., 2000; Ohh et al., 2000; Tanimoto et al., 2000) .
In order to eradicate HIF-1a-expressing hypoxic cells, we have developed TOP3 (TAT-ODD-procaspase-3), a fusion protein with three domains (Figure 1 ) (Harada et al., 2002 (Harada et al., , 2005 (Harada et al., , 2006 Kizaka-Kondoh et al., 2003; Inoue et al., 2004) . The PTD is derived from the protein-transduction domain (PTD) of the human immunodeficiency virus type-1 tat protein (Schwarze et al., 1999) and efficiently delivers TOP3 to any tissue in vivo. The ODD domain contains a VHL-mediated protein destruction motif of human HIF-1a protein and confers hypoxia-dependent stabilization to TOP3 (Harada et al., 2006) . Procaspase-3 is the proenzyme form of human caspase-3 (Fernandes-Alnemri et al., 1994) and confers potential cytocidal activity to TOP3. While TOP3 effectively target hypoxic cells, it does not directly affect the normoxic tumor cells (Harada et al., 2005) . On the other hand, IR effectively targets normoxic cells but is less effective to hypoxic cells (Brown, 1999; Vaupel, 2001) . Thus, we expect that combination of TOP3 and IR would improve the outcome of antitumor treatment.
Here we demonstrate that the combination of TOP3 and IR efficiently reduced tumor cells with HIF-1 activity induced by both hypoxia and irradiation, leading to long-term suppression of tumor growth and angiogenesis.
Results

IR increases HIF-1 activity
Because stabilization of TOP3 is regulated by the same mechanism as HIF-1a (Harada et al., 2006) , TOP3 has potential cytosical activity to HIF-1-active cells. Thus, we first examined change in HIF-1 activity in the xenografts during the treatment with IR. HIF-1-driven luciferase activity in HeLa/5HRE-Luc xenografts on the right leg was monitored daily with and without irradiation with 10 Gy. We used this dose because the growth-suppressive effect of TOP3 in combination with 5 Gy IR was less clear, while 20 Gy IR alone was effective enough to remove tumors almost completely and thus the effect of TOP3 was not assessed (data not shown). In the unirradiated animals, HIF-1 activity gradually increased as tumors grew over the observation period (Figure 2a , upper panels and Figure 2b ), indicating the total number of hypoxic tumor cells in xenografts increase as tumors grow. With irradiation, Figure 1 Schematic of structure and domain function of TOP3. TOP3 consists of three domains, which function as drug delivery, oxygen-dependent protein degradation and cell killing. The protein-transduction domain (PTD) enables the fusion protein to diffuse and enter the cell. The stability of TOP3 is regulated by the same mechanism as HIF-1a through the oxygen-dependent degradation (ODD) domain. The procaspase-3 can be activated under hypoxic conditions and induce apoptosis in hypoxic tumor cells. Figure 2 Increase of intratumoral hypoxia-inducible factor-1 (HIF-1) activity by irradiation. Mice (n ¼ 5 for each group) were transplanted with HeLa/5HRE-Luc cells in the right hind leg. The tumor-bearing mice were treated with local irradiation of xenografts with 0 or 10 Gy on day 0 (blue arrowhead). Change in the intratumoral HIF-1 activity was monitored using bioluminescence (photons/sec) every day with the IVIS photon-counting system. (a) A mouse with representative images during the observation period was chosen from the unirradiated (0 Gy) and the 10 Gy-irradiated groups and shown in. (b) Photon counts from the xenografts irradiated with 0 and 10 Gy on each day were divided by the corresponding photon counts on day 0 and indicated as relative photon counts. *Po0.05.
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Suppression of both hypoxia-and irradiation-induced HIF-1 activities by TOP3 To investigate whether these tumor cells expressing HIF-1 after IR can be target of TOP3, we next examined the antitumor effect of the combination with IR and TOP3. For this purpose, we divided tumor-bearing mice to four groups (buffer, TOP3, IR and TOP3 and IR) and examined effects of monotherapies and the combination therapy on intratumoral HIF-1 activity. When TOP3 was intraperitoneally (i.p.) injected in mice carrying HeLa/5HRE-Luc xenografts on day 0, day 1 and day 2 (Figure 3a) , the intratumoral HIF-1 activity was significantly decreased by day 2 (Figure 3a , lower panels and Figure 3b ; Po0.01). In contrast, HIF-1 activity in buffer-treated HeLa/5HRE-Luc xenografts continuously increased over the observation period ( Figure 3a , upper panels and Figure 3b ).
Immunohistochemical analysis using an anti-luciferase antibody confirmed that the luciferase protein induced by HIF-1 was localized in the similar region detected by a hypoxia marker, pimonidazole, in untreated xenografts (Figure 3c ). In our previous study, the quantitative correlation was demonstrated between the level of HIF-1a expression and the luciferase activity (Harada et al., 2005) . In the TOP3-treated tumors, HIF-1-induced luciferase and pimonidazole-binding proteins were barely detected (Figure 3c ), confirming that TOP3 eliminated HIF-1-active hypoxic cells and reduced the cells reactive with pimonidazole (Harada et al., 2005) .
In the tumors given IR alone on day 2, HIF-1 activity increased by threefold 2 days after irradiation ( Figure 4a , upper panels and Figure 4b ). The fold increase of HIF-1 activity of irradiated tumors vs unirradiated tumors from day 2 to day 4 (3.6 vs 2.1, Figures 3b and 4b) was almost identical to the one in Figure 2b (2.5 vs 1.5). When treated with TOP3 for 3 consecutive days from day 0 and irradiated on day 2, the intratumoral HIF-1 activity remained low (approximately threefold of the one on day 0) on day 4 (Figure 4a , lower panels and Figure 4b ) and was comparable to the one treated with buffer only on day 4, which was also approximately threefold of the one on day 0 (Figure 3b ). This indicated that TOP3 effectively inhibited HIF-1 induced by hypoxia as well as IR.
Suppression of long-term tumor growth by the combination of TOP3 and IR Next we examined effects of monotherapies and the combination therapy on tumor growth. The growth of HeLa/5HRE-Luc xenografts was significantly but temporarily suppressed by TOP3 alone over a 12-day period (Figure 5a ; Po0.05 over none). The growth of tumors treated by IR (10 Gy) alone was significantly suppressed starting from 1 week after irradiation (Figure 5a ; Po 0.01 over none). During a 14-day observation period, the combination treatment did not have a significantly greater effect than IR alone. However, when the observation was extended to 80 days, the combination treatment was much more effective ( Figure 5b ). The days required for the tumor volume to increase threefold (tripling time) was 11.172.2 days for the buffer-treated animals and 13.673.2 days for the TOP3 alone. This small difference due to TOP3 alone was due to the low dose used. This gave us an opportunity to precisely analyse the efficacy of the combination treatment with TOP3 and radiotherapy. The tripling time was 41.675.5 days for the IR alone, while that for the combination treatment was 75.7711.6 days. Thus, a large enhancement was observed for the combination treatment Figure 3 Reduction of hypoxia-induced hypoxia-inducible factor-1 (HIF-1) activity by TAT-ODD-procaspase-3 (TOP3) treatment. Mice (n ¼ 5 for each group) were transplanted with HeLa/5HRE-Luc cells in the right hind leg. The tumor-bearing mice were treated with local irradiation of xenografts with buffer or TOP3 on day 0, 1 and 2 (green arrowheads). The change in intratumoral HIF1activity was monitored as described in the legend to Figure 2 . (a) A mouse with representative images during the observation period was chosen form the control (buffer) and TOP3-treatment (TOP3) groups and shown in. (b) Photon counts from the xenografts on each day were divided by the corresponding photon counts on day 0 and indicated as relative photon counts. *Po0.01; **Po0.005. (c) Buffer-or TOP3-treated xenografts were surgically excised on day 2 and used for immunohistochemical analysis with antipimonidazole antibody (Pimonidazole), anti-luciferase antibody (Luciferase) and hematoxylin and eosin (HE). Bar ¼ 100 mm.
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Antiangiogenesis efficacy by TOP3 and IR combination treatment Although the growth suppression by TOP3 alone was only temporary, the combination treatment resulted in significantly greater effect on the long-term suppression of tumor growth than IR alone ( Figure 5 ). In order to resolve the discrepancy, the histological sections of HeLa/5HRE-Luc xenografts were examined on day 14 for an endothelial marker, CD31. As is clear from Figure 6a , CD31-positive microvessels distributed less in tumors with the combination treatment than those of other groups. Interestingly, TOP3 alone was effective in reducing the microvessels density (Figure 6a ). The sections of HeLa/5HRE-Luc xenografts treated as Figure 5a were examined for the microvessel density (the number of microvessels per square millimeter) on day 14 after the initial treatments. The microvessel densities were 31.379.5 and 28.5710.0/mm 2 for the control and IR-treated tumors, respectively which were not statistically different (P ¼ 0.58) (Figure 6b ). In contrast, TOP3 treatment decreased the microvessel density to 17.573.7/mm 2 with a good statistical significance (Po0.001). Moreover, the combination treatment of TOP3 and IR further reduced the density to 8.572.0/mm 2 (Po0.001 over TOP3 treatment alone). Although there was a significant difference in the microvessel density between buffer-and TOP3-treated tumors on day 14 (Figures 6a  and b) , these two exhibited a similar speed of growth thereafter (Figures 5b and d) . Immunohistochemical examination revealed that the buffer-and TOP3 alone did not differ in the microvessel density (Figure 6c ), indicating anti-angiogenic function of TOP3 was temporary. In contrast, examination of the combination treatment demonstrated long lasting and statistically significant suppression of tumor neovascularizaiton in the tumor (Figure 6d ; Po0.01 over TOP3 alone).
Discussion
It has long been recognized that the tumor hypoxia is a critical limit to radiotherapy. Various radiosensitizers have been developed in the past, which were designed to sensitize hypoxic tumor cells to radiation. However, their clinical use was hampered because of their neurotoxicity and low efficacy (Rowinsky, 1999; Zackrisson et al., 2003; Overgaard et al., 2005; Rischin et al., 2005) . Recently, Sobhanifar et al. (2005) examined human tumor biopsies and human cancer xenografts with expression of HIF-1a and distribution of a chemical hypoxia marker, pimonidazole, which become reactive at less than 10 mm Hg oxygen tension. They found that expression of HIF-1a was reduced in the pimonidazole-positive regions, which are the target of the most of hypoxic cytotoxins. This suggests that these hypoxic cytotoxins are less effective in HIF-1-active hypoxic cells and may explain in part their low efficiency in vivo. HIF-1-active tumor cells have recently become a central issue for not only radiotherapy, but also for general tumor therapy since HIF-1 is now known to activate a variety of genes involved in anti-apoptosis and angiogenesis (Semenza, 2003) . Figure 4 Reduction of the intratumoral hypoxia-inducible factor-1 (HIF-1) activity by TAT-ODD-procaspase-3 (TOP3) and ionizing radiation (IR). Tumor-bearing mice (n ¼ 5 for each group) with HeLa/5HRE-Luc xenografts in the right hind leg were irradiated with 10 Gy on day 2 (blue arrowhead). Mice of the TOP3 and IR group were additionally treated with TOP3 on day 0, 1 and 2 (green arrowheads). (a) A mouse with representative images during the observation period was chosen form the IRalone group (upper panel) and the TOP3 and IR group (lower panel) and shown in. (b) The intratumoral HIF-1 activity was monitored as described in the legend to Figure 2 and presented in the graph. *Po0.01; **Po0.005.
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In this study, we treated tumors with the combination of IR and a hypoxia-targeting drug, TOP3. In monotherapy experiments, TOP3 temporarily suppressed tumor growth, but was not effective on long-term tumor growth inhibition (Figures 5b and d) . Inhibition of HIF-1 by TOP3 was also temporary (Figures 3a and b) . The combined treatment, however, resulted in significantly enhanced long-term suppression of tumor growth compared to either treatment alone (Figures 5b and  d) . Our results suggest that the enhanced effect of the combined treatment on long-term growth suppression (Figures 5b and d) was not simply due to an additive effect of TOP3 and IR on the tumor cells. We found that the microvessel density in the tumors treated with the combination was significantly reduced compared to either treatment alone in both short-and long-termtreated tumors (Figure 6 ). This result suggests that the enhanced growth suppression of the combination was due in part to the anti-angiogenic efficacy of the combined treatment. These results further indicate that the intratumoral HIF-1 activity is essential for the shortterm restoration of damaged microvessels and long-term regrowth of irradiated tumors. Conversely, these results confirmed that hypoxia and its associated HIF-1 activity limit the efficacy of radiotherapy.
Recently, Moeller et al. (2004) demonstrated that irradiation of tumor xenografts with 5, 10 and 15 Gy induced HIF-1 activity, leading to the increased expression of VEGF and basic fibroblast growth factor, which act to prevent radiation-induced endothelial cell death. They also revealed that HIF-1 activity peaked at 48 h after radiation and provide evidence that radiationinduced reoxygenation of hypoxic tumor cells results in the production of reactive oxygen species (ROS) that induce HIF-1 activity. Our results are consistent with theirs: HIF-1 activity peaked at 2 days after IR (Figure 2 ) and suppression of HIF-1 activity resulted in reduced angiogenesis (Figures 6a and b ) and significant enhancement of the tumor growth suppression by IR (Figures 5b and d) .
Small molecules targeting HIF-1 have been developed which include 2-methoxyestradiol, 17-Allylamino-17-demethoxygeldanamycin, camptothecin, topotecan, pleurotin and YC-1. They inhibited HIF-1 activity and delayed tumor growth (Rapisarda et al., 2002; de Candia et al., 2003; Mabjeesh et al., 2003; Semenza, 2003; Welsh et al., 2003; Yeo et al., 2003; Moeller et al., 2004) . In addition, novel inhibitors of signal transduction pathways were also observed to decrease the level of HIF-1a protein with resulting antiangiogenic effects Figure 5 Antitumor effect induced by a combination of TAT-ODD-procaspase-3 (TOP3) and ionizing radiation (IR). Tumor-bearing mice (n ¼ 10 for each group) with HeLa/5HRE-Luc or CFPAC-1 xenografts in the right hind leg were treated as described in the legends to Figures 3 and 4 ; The mice of the TOP3 and the TOP3 and IR groups were treated with TOP3 on day 0, 1 and 2, and the mice of the IR and the TOP3 and IR groups were irradiated with 10 Gy on day 2. Tumor volume of HeLa/5HRE-Luc (a and b) and CFPAC-1 (c and d) xenografts treated as above were measured until day 78 and day 79, respectively. The relative tumor volume (the ratio of tumor volumes on each day to the corresponding ones on day 0) of HeLa/5HRE-Luc until day 14 (a) and day 78 (b) and the one of CFPAC-1 xenografts until day 16 (c) and day 79 (d) are presented in the graphs. The results are the mean of 10 independent tumors7s.d. *Po0.05; **Po0.01; ***Po0.001 (none vs TOP3).
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H Harada et al (Semenza, 2003) . The mechanism of action of these smallmolecule drugs has yet to be elucidated, and it is not known whether or not tumors develop resistance to them. Our approach differs from small-molecule targeting of HIF-1. The small-molecules reduce HIF-1 activity, but do not kill the hypoxic cells. Therefore, these cells remain hypoxic and resistant to radiotherapy. In contrast, TOP3 kills HIF-1-active cells, which reside in the hypoxic region of the tumor and those arising during reoxygenation shortly after irradiation. Our approach reduces the problem of radioresistance of hypoxic cells and tumor regrowth stimulated by HIF-1-induced neovascularization.
HIF-1 is not the only hypoxia-regulating transcription factor in the cell. Other hypoxia-responsive factors such as HIF-2 are induced in hypoxic tumors, which are unlikely to be influenced by small-molecule HIF-1 inhibitors. In contrast, TOP3 kills all the hypoxic cells and therefore is a wider spectrum drug against hypoxic tumors. An additional possible advantage of TOP3 over small HIF-1 inhibitors is that its mechanism of action is clearly understood (Harada et al., 2006) . TOP3 is activated only in HIF-1-active cells. If the tumors were to develop resistance to this newly developed drug, they would have to accumulate mutations, which inactivate the HIF-1 and prevent stabilization of HIF-1 in Figure 5a were surgically excised on day 40 and analysed for microvessel density as described above. *Po0.01.
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In summary, we found in this study that TOP3 effectively eradicated HIF-1-active cells and as a consequence its application resulted in short-term suppression of angiogenesis in xenograft. This shortterm anti-angiogenesis when combined with radiotherapy leads to long-term suppression of microvessels and total reduction of the hypoxic fraction in tumor xenograft.
Although we have been confirmed that stabilization itself does not endow TOP3 with cytocidal activity (Harada et al., 2006) and that TOP3 has not caused obvious side effects in animal experiments (Harada et al., 2002 (Harada et al., , 2005 , as for the clinical application of a newly developed drug, the safety issue is the major concern. Since TOP3 eradicates HIF-1-active hypoxic cells, which are at the concentration far below their optimal oxygen concentration, its use in cancer patients with concomitant ischemic diseases may potentially pose a problem. In the case of ischemia however, the hypoxic condition is likely to be transient instead of permanent as in the case of tumors, and we still have no knowledge on how TOP3 affects such cells in a patient. In order to answer this important question, we have recently developed imaging probes, which detect such transient ischemia in a body by combining PTD, ODD and an imaging function domain (Tanaka et al., in preparation). With these probes in our hand, we are currently assessing the effect of TOP3 on transient ischemia in experimental systems.
Materials and methods
Cell culture and hypoxic treatment in vitro The CFPAC-1 human pancreatic cancer cell line and HeLa human cervical epithelial adenocarcinoma cell line were purchased from the American Type Culture Collection. HeLa/EF-Luc and HeLa/5HRE-Luc that carry the luciferase reporter under control of the HIF promoter, were isolated as described previously (Harada et al., 2005) . CFPAC-1 and HeLa cells were maintained at 371C in 10% fetal bovine serum (FBS)-Iscove's modified Dulbecco's medium (Life Technologies, Inc., Rockville, MD, USA) and 5% FBS-Dulbecco's modified Eagle's medium (Nacalai Tesque, Kyoto, Japan), respectively.
Formulation of TOP3 fusion protein TOP3 was dissolved in 10 mM Tris-HCl buffer (pH 8.0) at a final concentration of 15 mg/ml if not otherwise indicated.
Tumor model
HeLa/5HRE-Luc or CFPAC-1 cells were subcutaneously inoculated at 1 Â 10 6 cells/100 ml of phosphate-buffered saline (PBS) into the right hind leg of 6-weeks-old female nude mice (BALB/c nu/nu; Japan SLC Inc., Hamamatsu, Japan). Real-time monitoring of luciferase activity in vivo Tumor-bearing mice were intravenously injected with 100 ml D-luciferin solution (10 mg/ml in PBS; Promega Corp., Madison, WI, USA). Exactly 3 min later, the mice were put in an IVIS-200 in vivo photon-counting device (Xenogen Corp., Alameda, CA, USA). The pseudo images from the photon counts were constructed by Living Image 2.50 -Igor Pro 4.09A software (Xenogen Corp.). Each image was quantified as photons/s and normalized against the day 0 photon counts. Each experimental group contained five mice.
Radiation treatment
Tumor-bearing mice were locally irradiated with 10 Gy of 137 Cs g-ray using a collimator set at the tumor site with a Gammacell 40 Exactor (MDS Nordion International Inc., Ontario, Canada). The control tumor-bearing mice were sham irradiated.
Immunohistochemical analysis
Pimonidazole hydrochloride (60 mg/kg; Natural Pharmacia International Inc., Belmont, MA, USA) was i.p. injected into tumor-bearing mice at 90 min before surgical excision of solid tumors. The excised solid tumors were fixed in 10% formalin neutral buffer solution (pH 7.4; Wako Pure Chemical Industries Inc., Osaka, Japan) and embedded in paraffin. To detect pimonidazole-binding and luciferase proteins, serial sections prepared from the paraffin-embedded sections were treated with anti-pimonidazole (Natural Pharmacia International, Inc.) and anti-luciferase (Promega, Madison, WI, USA) antibodies, respectively. To detect CD31, surgically excised solid tumors were frozen in liquid N 2 and embedded in optimal cutting temperature (OCT). Sections prepared from the OCTembedded tumor were treated with anti-CD31 antibody (BD Bioscience Pharmingen, San Diego, CA, USA). Staining was done with the indirect immunoperoxidase detection method (DakoCytomation, Carpinteria, CA, USA). Counter staining was done with hematoxylin. Paraffin-embedded serial sections were also stained with hematoxylin and eosin (H&E). Microvessel density was measured by counting the number of vessels (regions stained with anti-CD31 antibody) per square millimeter in each image.
Statistical analysis
Data are expressed as means7s.d. Statistical significance of differences was determined by the paired two-tailed Student's t-test. Differences were considered statistically significant for Po0.05.
Abbreviations
HIF-1, hypoxia-inducible factor-1; PTD, protein-transduction domain.
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